now mostly filled by younger rhyolite lava flows. Two members, A and B, have been identified in the Lava Creek Tuff ignimbrite, with a slight break in welding and no erosion found between. Both members are normally magnetized and have similar natural remanent magnetization directions, suggesting rapid successive emplacement of both members (Reynolds, 1977) . A basal ash-fall layer is present beneath member B where member A is not present. The two members are thought to have erupted from separate ring fracture zones, which collapsed to form the Yellowstone caldera and later were loci of resurgent doming ( Fig. 1 ; Christiansen, 1979) .
PREVIOUS GEOCHRONOLOGY
The best ages for the Yellowstone units are principally conventional K-Ar analyses of sanidine and glass done by Obradovich (1992) . Concern over incomplete extraction of Ar from sanidine led him to emphasize that the published ages may be underestimates and to place greater reliance on the older ages. Fission-track ages, determined on glass shards from distal ashes (Naeser et al., 1973; Ward et al., 1993) , are useful in correlating the Yellowstone ash layers, but have a resolution too low to precisely date the eruptions. Obradovich (1992) Obradovich and Izett (1991) yielded an average age of 2.08 ± 0.02 Ma (11 grains). The errors given on these averages reflect analytical precision only, not variations between samples.
Bulk-crystal K-Ar dating of the Mesa Falls Tuff yielded an unweighted mean of 1.27 ± 0.02 Ma and an isochron regression of 1.25 ± 0.01 Ma (Obradovich, 1992) . Obradovich and Izett (1991) Obradovich and Izett, 1991) , 0.66 ± 0.02, and 0.67 ± 0.02 Ma (Izett et al., 1992) were also obtained for Lava Creek Tuff tephra.
The problems encountered by Obradovich and coworkers dating the Yellowstone ignimbrites challenge workers in many young rhyolite provinces. Our work on the younger rhyolites at Yellowstone (Gansecki et al., 1996) showed that many of the problems may be related to the presence of sanidine xenocrysts that are chemically and visually nearly indistinguishable from phenocrysts. This realization led us to apply similar analytical and statistical techniques to the three caldera-forming eruptions.
METHODS
We analyzed samples collected by R. L. Christiansen, W. Hildreth, and R. Reynolds from the three tuffs (Fig. 1) . The two samples of the 344 GEOLOGY, April 1998 Huckleberry Ridge Tuff are from pumice lapilli in the basal ash fall (8YC410B) and from partially welded ignimbrite near the middle of member B (2R577). Mesa Falls Tuff samples are from a pumice lump in the nonwelded base of the ignimbrite (8YC460A) and from whole-rock, devitrified welded tuff in the middle of the ignimbrite (1R547). Lava Creek Tuff samples are from pumice lapilli in the plinian fallout (0YC553), whole-rock welded tuff from the lower part of member A (8YC413) and from the middle part of member B (7YC325), and pumice from the nonwelded top of member B (8YC411). Sanidine grains were separated, prepared, irradiated for 1 hr, and analyzed as in Gansecki et al. (1996) . The 0.5-to 1-mm-sized grains were fused individually with a 6 W Ar-ion laser; degassed basalt flux was generally used to aid fusion and maximize Ar extraction, although some grains from the Lava Creek Tuff were run without the flux. Ages from grains fused without the flux are not significantly different from those fused with flux, but the overall percentage of grains that did not fuse and were therefore unusable is much larger. Splits of the feldspar separates used for 40 Ar/ 39 Ar dating were analyzed by electron microprobe as in Gansecki et al. (1996) . Raw 40 Ar/ 39 Ar data 2 were reduced and statistically analyzed according to the methods described in Gansecki et al. (1996) . Errors are reported at 1σ (Table 1) , but are compared at the 2σ level throughout the paper. A goodness-of-fit parameter, the MSWD, is used to evaluate the sources of scatter in the data. An MSWD that exceeds the critical value of (1 + 2[2/(n -2)] 1/2 ) for n points (e.g., Wendt and Carl, 1991) indicates a greater than 95% probability that the scatter cannot be explained by analytical error alone. In these cases, it is reasonable to assume there is some geologic reason for the observed heterogeneity. We take the view that in young volcanic rocks that have not undergone reheating events, excess Ar or contamination by older xenocrysts is far more likely to be a problem than Ar loss (e.g., McDowell, 1983) .
The technique used to calculate preferred ages is similar to that of van den Bogaard (1995) and Gansecki et al. (1996) . Running weighted averages with MSWDs are calculated from the single-crystal ages, which are sorted by increasing minimum age (crystal age minus 1σ error). The preferred age is taken at the last point where the MSWD is just below the critical value (Fig. 2 , Table 1 ). The 1σ′ or posteriori error given is the weighted error times the square root of the MSWD. Unlike a regular weighted error, which only takes analytical precision into account, the posteriori error also incorporates scatter in the data. Our preferred ages are therefore skewed toward the younger apparent ages, unless the variation is small, in which case the result would be the same as a standard weighted average.
RESULTS

Huckleberry Ridge Tuff
40 Ar/ 39 Ar total-fusion ages were measured from 32 sanidine grains from the Huckleberry Ridge Tuff. The preferred age for the Huckleberry Ridge Tuff, both samples 8YC410B and 2R577 combined, is 2.003 ± 0.014 Ma (2σ′, Fig. 3 , Table 1 ). There is no significant difference in age between the ash fall and the ignimbrite, which gave ages of 1.995 ± 0.020 and 2.024 ± 0.022 Ma, respectively. Most of the data points are included in the final age calculation, with the exception of a tail of older ages that fall outside the limit of acceptable analytical scatter. Although compositions of Huckleberry Ridge Tuff sanidine grains from the plinian ash deposit and from the ignimbrite show some variation (Fig. 4) , there are no obviously xenocrystic compositions.
Mesa Falls Tuff
The 40 Ar/ 39 Ar ages of the two samples from the Mesa Falls Tuff are distinctly different. The basal pumice sample, 8YC460A, yielded a wellconstrained age of 1.293 ± 0.012 Ma (2σ′, Fig. 3 sanidines show remarkably little variation in composition (Fig. 4) between grains or cores and rims in either sample, suggesting that the scatter in ages is not the product of xenocrystic contamination.
Lava Creek Tuff
Our preferred age for member B of the Lava Creek Tuff is 0.602 ± 0.004 Ma (2σ′, Fig. 3 ), on the basis of 24 analyses from two samples. Member B is correlated with the stratigraphically important distal ash bed Pearlette O. Our data suggest that member A may be somewhat older than the overlying member B (Fig. 3) , although the small number of analyses for member A make this conclusion less certain. The number of analyses is small because the basal ash fall and some grains from ignimbrite member A were fused without using basalt flux, yielding fewer usable data. Their apparent ages are 0.630 ± 0.030 Ma (2σ′, five grains) and 0.638 ± 0.006 Ma (2σ′, six grains), respectively. Combining all the data for the Lava Creek Tuff yields an age of 0.603 ± 0.004 Ma (2σ′, 32 grains). Three obvious xenocrysts yield ages greater than 0.9 Ma, but there are also a few grains with ages only slightly too old.
The sanidine compositions from the four samples of the Lava Creek Tuff are tightly clustered (Fig. 4) , with most variation in the plinian ashfall unit, which ranges to slightly more Na-rich compositions. The Ba contents of Lava Creek Tuff sanidine are far lower than those from either of the older ignimbrites, precluding an interpretation of contamination by these units.
DISCUSSION
A tail of slightly older ages is a common feature in our distributions of single-grain ages. This range of variation would be undetectable in much older rocks or in bulk samples. Diffusion calculations (Gansecki et al., 1996) indicate that 40 Ar/ 39 Ar ages of older sanidine xenocrysts would be indistinguishable from phenocrysts after a year or two of residence in the magma. This means that to yield anomalously old ages due to incomplete outgassing, xenocrysts must be incorporated in the magma only a short period prior to eruption. The small range of sanidine compositions and the absence in the electron microprobe data for grains of conspicuously xenocrystic material, such as might be derived from the underlying Tertiary mafic volcanic rocks or Precambrian crystalline basement, suggests that the grains yielding slightly old ages may not be truly xenocrystic.
These older grains may instead be evidence of roofward or sidewall cannibalization of previously crystallized cognate material immediately prior to eruption. Between major eruptions, large silicic magma chambers are presumed to undergo periods of gradual cooling and crystallization interrupted by injections of hotter, less-evolved material. These injections may raise the temperature of the magma-causing remelting and/or remobilization of partially crystallized rinds (Mahood, 1990) -and in many cases may precede or possibly even trigger ignimbrite eruptions (e.g., Hildreth, 1981; Huppert and Sparks, 1988) . If liberated and cooled again within less than 1 yr, these pseudophenocrysts might give a range of 40 Ar/ 39 Ar ages similar to what we see in our data: slightly too old but compositionally indistinguishable from phenocrysts. This process could explain similar age distribution patterns in Mono Craters ashes (Chen et al., 1996) and in tephra layers from the East Eifel volcanic field (van den Bogaard et al., 1989) . These effects are likely only visible in systems less than a few million years old, because the analytical errors mask such natural age variations in older systems.
Our 40 Ar/ 39 Ar ages for the Huckleberry Ridge (2.003 ± 0.014 Ma), Mesa Falls (1.293 ± 0.012 Ma), and Lava Creek (0.602 ± 0.004 Ma) Tuffs are similar to-but better constrained than-previous age determinations. Establishing an accurate chronology of such large ash-forming eruptions is important not only for understanding eruption recurrence intervals and rates of magma chamber processes, but also in providing geochronologic control for studies of regional geology, geomorphology, and climate change.
